INTRODUCTION
The Power Quality is one of the most important characteristics of the modem electrical energy distribution systems. Consequently, the poor Power Quality can cause enormous economic losses to the industrial facilities. Tn Europe, Power Quality problems costs more than €150 billion a year to business [1] . The increasing use of rectifiers, thyristor power converters, arc furnaces, switching power supplies and other non-linear loads is known to cause serious problems in electric power systems [2] . Therefore the use of this type of loads imposes the development of solutions for the mitigation and reduction of the Power Quality problems. Some adopted solutions for these problems, such as passive filters for harmonic mitigation, or capacitor banks for reactive power compensation, can cause other problems such as resonances, voltage transients and others [3] . Shunt Active Power Filters (SAPFs) are a good solution, and have been developed over the years [4] [5] [6] .
There are several topologies of SAPFs, but they can be generally classified in two main groups: Voltage-Source SAPFs and Current-Source SAPFs, depending of the topology of inverter that is used.
Tn this paper are presented several computer simulations results of a Voltage-Source and a Current-Source SAPF, controlled using the p-q Theory.
11.

CONTROL OF THE SHUNT ACTIVE POWER FILTERS
The controller of the SAPFs presented in this paper uses the p-q Theory proposed by Akagi et al [7] . This power theory has been largely used in the implementation of SAPFs over the years, and has provided good results with different types of electrical installations and loads [8] [9] .
The p-q Theory works in the a-fJ reference frame, and therefore, the electrical grid voltages (va, Vb, vc) and the load currents (ia, h, i c) must be converted to this reference frame by applying the Clarke transformation, given by (1) and (2):
The p-q Theory power components are calculated using the expressions (3) and (4), where p is the instantaneous real power, and q is the instantaneous imaginary power (by defmition).
Each one of the instantaneous power components can be separated into an average value and an oscillating value. The ph�ical meaning of each of the instantaneous powers is:
P -Average value of the instantaneous real power p. Corresponds to the energy per time unit transferred from the power source to the load, in a balanced way through the three ph � es; P -Oscillating value of the instantaneous real power. It is the energy per time unity that is exchanged between the power source and the load, through the three phases; q -The instantaneous imaginary power. Corresponds to the power that is exchanged between the phases of the load. This component does not imply any transference of energy between the power source and the load, but is responsible for the existence of undesirable currents.
Normally, only the average value of the instantaneous real power (p ) is desirable, and the other power components can be compensated using a SAPF. In order to calculate the reference currents that the active filter should inject it is necessary to separate the desired power components from the undesired ones. 
The undesired power components and Preg are then used to determine the compensation currents in the a-fJ coordinates using the expression (7):
The reference compensation currents in the a-b-c coordinates (ica *, icb *, icc *) are determined by applying the inverse Clarke transformation to the currents in the a-fJ reference frame, as demonstrated in expression (8):
Modified p-q Theory for Sinusoidal Source-Currents
The application of the p-q Theory produces reference compensation currents to the SAPFs that result in a constant power at the source. In three-phase power systems with distorted and/or unbalanced voltages it is not possible at the same time to have constant power flow from the source to the load, and also to have sinusoidal currents at the source. In this way, when the electrical grid voltages are distorted and/or unbalanced, the operation of the SAPFs results in distorted compensated currents at the source, which are necessary to obtain constant power at the source. If instead of constant power at the source is preferred to obtain sinusoidal currents at the source, it is possible to modifY the p-q Theory in order to achieve it, even when the electrical grid voltages are not sinusoidal and balanced. For this purpose, instead of directly use the grid voltages to perform the calculations of the power components defined in the p-q Theory, is used the positive sequence of the fundamental component of these voltages. To obtain the positive sequence of the fundamental component of the voltages it can be used a digital Phase-Locked Loop (PLL). This p-q Theory modification was successfully applied both in Current-Source [10] and Voltage-Source SAPFs [4]. In Fig. 1 it can be seen the block diagram of the digital controller of the SAPFs, based on the p-q Theory. 
Ill. SHUNT ACTIVE POWER FIL TERS TOPOLOGIES
The topology of each active filter is presented in Fig. 2 . As it can be seen, the power stage of the Voltage-Source SAPF is composed by a two-level Voltage-Source Inverter (VSI) that uses six IGBTs and a capacitor at the DC linle The passive filters used in this topology are LC low pass filters. To damp the response of the passive filter in their resonance frequency, was placed a resistor with low value, in series with the capacitors. The Current-Source SAPF power stage is constituted by a Current-Source Inverter (CSI) that uses six IGBTs with reverse blocking diodes in series with the lGBTs and an inductor in the DC link. The passive filters are also LC passive filters, but the arrangement is different from the Voltage-Source SAPF. In TABLE 1 is possible to see all the parameter values of both SAPFs.
Three different types of balanced three-phase loads were used to test the performance of the SAPFs: Load I -three inductors (Lr) and three resistors (Rr) connected in Y; Load 2 -a full-bridge rectifier with a resistor (RDC2) and an inductor (Lnc1) in the DC side, and three input inductors (L[2); Load 3 -a full-bridge rectifier with a resistor (RDC1) and a capacitor (C) in the DC side, and three input inductors (Ln).
The simulations were performed using the PSIM software. 
Is c Vc a Tn both of the SAPFs was used Periodic-Sampling modulation technique. The implementation of this switching technique for the Voltage-Source SAPF is done by periodically sampling the inverter output current (iti) and then making a comparison with the reference compensation current (icx *) . The TGBTs are then switched according with the result of this comparison. Tn the implementation of the Periodic-Sampling switching technique in the Current-Source SAPF, instead of directly switching the TGBTS, the result of the comparison is sent to a combinational logic circuit that generates the correct pulse patterns to this type of inverter. The TGBTs are then switched according with the result of this combinational logic circuit. The differences in the switching patterns reside in the fact that in the Voltage-Source SAPF two TGBTs from the same inverter leg cannot be conducting simultaneously, otherwise the DC side capacitor is short circuited and the current can destroy the IGBTs. In the Current-Source SAPF the current of the DC side inductor must never be interrupted, otherwise the voltage of the DC side inductor irIcreases to values that can destroy the IGBTs of the inverter. To avoid that, all the states involve two IGBTs conductirIg at the same time. In the case of the Voltage-Source SAPF are introduced dead-times to ensure that the DC side capacitor is not short-circuited. In the case of the Current-Source SAPF it is necessary to ensure the overlapping of the switchirIg pulses.
In the simulations of both of the SAPFs, the sampling frequency of the digital controller was fixed in 30 kHz and the minimum time between switchirIg transitions was limited by this sampling frequency. Therefore, the switchirIg frequency is not fixed and has a maximum value of 15 kHz.
TV.
SIMULATION RESULTS
In Fig. 3 it is possible to see simulation results of the source, load and active filter currents with the SAPFs compensatirIg three different loads. As it can be seen, after the compensation with both SAPFs, the source currents waveforms become almost sinusoidal and in phase with the electrical grid voltage. This irIdicates that the SAPFs are operating correctly. The harmonic spectrum of the source and load currents can be seen irI Fig. 4 . The harmonic spectrum of the source currents in all the simulated cases is irIdicative that both of the SAPFs are operating well and that they compensate the current harmonics correctly. This is noticeable when the SAPFs compensate the non-lirIear loads.
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When compensating the full-bridge rectifier with RL load the performance of the SAPFs is also similar. The source currents THD after the compensation is slighter higher in the case of the Voltage-Source SAPF, nevertheless the difference between the two SAPFs performance is negligible. In the compensation of the full-bridge rectifier with RC load, the performance of both SAPFs is once more very similar. The source current THD values after the compensation are much inferior to the load currents THD, and there is almost no difference in the source currents THDs of both SAPFs. The RMS values of the currents in this case are slightly inferior in the source, after compensation, than in the load. V.
CONCLUSIONS
Tn this paper was presented a comparison between a Voltage-Source and a Current-Source Shunt Active Power Filter (SAPF) when compensating three different types of loads. The comparison between the two SAPFs addressed the Total Harmonic Distortion (THD) and RMS values of the compensated currents and the Total Power Factor (TPF). As the results presented in this paper show, the performance of both SAPFs is very similar. The values of the source currents THDs after the compensation are similar in both cases. The RMS values of the currents in the source are reduced in all the cases and more substantially when the SAPFs compensate the RL load. In both cases the p-q Theory used in the control system performs well and successfully identifies the currents components that must be compensated by the SAPFs. For future work it will be done a comparison of the SAPFs dynamic performance in response to variations in the loads.
